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Abstract——

In the last few y-ears many nrw ●pplications have
been found for ●xcimrr lasers in industry ●nd defrnsr

prograns. ffany of thesr programs have very stringent

requiremrnLs of lifetime, reliability, ●nd power that
are not svailable c~ercially. Power conditioning
systems cap~ble of driving ●xcimers with reliable

lifetimes of 5 billion pulses have been built with
off-the-shelf componmrts. in this paper we will dis-
cuss the requirements ●nd life test perforuancr of

threr types of thyratrons designed mpecifirally for
driving ●xcim=r lsserc ●nd ●lso the :ife of associated
coqonents.

Introduction—— —

The low ~trady state impedance of en ●xcimr=r gas
load makes ●atching the ●nergy storage ●lement dif-
f]cult or prohibitively complicated for high rrllahil-
ity. lmprrlancr ●atching can he ●ccomplished with the

use of low Z water or dielectric lines [1] ●nd douhlr

pulkr trrhnlques [2]. Howwcr, these mrlhoda have not
hen shown to br acalahle to high ●ver?ge puwrr and
rrp ratr ●nd still maintain c high drgrer of rrlln-

billtyo lmp~danrr malching In the cornon cunnrrclal
typr clrruitr such as thr pulsr charg? linr or LC
invrrblon circuit can br ●chl~ved but ●’. thr aacrjfirr

of ●fflcienry. For ●rramplr, us~nR hrllua, as ● buffr;
Ras wili maintain ● hiRhrr lrrrakrirwn imprdancr thus a

hlghrr electrical ●ffirl~ncy but thr kinetic rffi-

(irncy will shffer. To ●chlrvr m hiRher kinetic ●ffJ-

rienry argon or nrnn IS uBrrf, hut th.- discharR~ impr-
rianrr will Irr Iovrr #nd ●atching will be difficult,
HavinR a load of ● Iuwer irrq,;’d-nce than th~ drivlnR

rlrruit rcflectrr vrry dmanding ●lectrical r~quire-

awnts on the ■uitrh. Both of therrr rlrruita prrfom

●qually well in driving lasrrn ●nd in subjecting th~
nuitrh to ● hiah valur of voltaRr revrraal. Wfrrn ●

rt?f!ativr voltlRr of 600 tn 800 V ix lm}zr~aaml on the
anrrrlr, th? hydroRrP ionm prearnt ●ftrr conduction can

r~ach a d~strurtivr pn(crrtlal and rausr damatr 10 thr
tulIr •l~ctrodrm, NfRatlv? ●node Voltaue call alao
rt’lsr rev~rsc ●rcinR from thr cathodr that can cvapo,

rat~ or oblalr thr ●ianivr roaltnR onto adJoininR
rlrrtrodrn and rausr urv~r? damaRr 10 ?.hr cathndr sur-

face, Thr hollow or bnx [:)] anodr t ytatron i- urr-
afferted hy thr d~alructlv~ fnrcen ●anrrctatmf with

r~vrr~p volltiar and t-urrrn[ , Thin typr of thyratrnn
IaII (mIrfuIt in th~ rrverar rfirrrtiom al hiRh avrFaRr

pnwrrn w~th no r~dur(ion in ltfr, The fundammtal
prin[iplrx ol (frniRn ●n[f nperat ion uf the hnllow ann(fr

thvratron as’- Iwyorrri the ~rop~ of thin pap-r ●nd will
Ilot ht. mldlrshrrf, ffath~r UP will rorrrmtralr on thr

appll~atlwl of thrsr bvirem in pulnrd lis~r rircuilm,

Evaluation in Test and Laser CircuiLs—..-—— —.. . .— .—— ..—.— .-—

Three different sizes of hollow ●node Lhyralro[l$
were cho~rn to be ●valuated for their switching, l]fr,

and power-handling performance. These were the EF.V
CX-1573C, CX-1574, CX-1574C, ●nd the CX-1625, Elec-
trical paramcLers of the discharge circuit werr dr-
aigned to simulate the awitrhing demands of a directly
dtlven laaer or one with ● magnetic pular sharpenin~

stage between the switch ●nd the laaer cavity. Test
circuits were designed to duplicalr or ●xceed thv
values of current ●nd voltage th? thyratrons woutd

●ncounter in the laaer in which thry would h uKrd.

Thr wavefoma in Fig 1 show thr current wavrforms fur

the CX-1574C ●nd Fig. 2 for thr= CX-1625. Per formncr
of the thyratrons was determ]nrd in the a:nulatlwl
circuit in order that long (Rrrater tnan 1000 II) UII-

intrrrupted test could b~ madr wh)rh arr not poFfiIhlr

with ●n ●xcimrr laker.

The firat tuhr invesLiRrIted was ttlr CX-1!174
trtrodr 14]. Threr of thrar tuhrs wrr trklerl, twu tU
●nd of life. A chart of the tulrr dlscharRr pararnrtrrs
for both the teat cirL”uil #nd thr la~er cir(ults .lr~,

seen in Tablr 1. Twu important factorri wrrr foull(l
that improved thr performance ●nd !ifr rrf thr CX-I!)74!.

Firat, for short pul.~(k ,’.h hlRh dl/rlt rrprr~llou,

triRgcring both grids IL] ●.+dr a marlrrrf )mprovrmrnt III
~-]~cnlnR Llmr ●nd jitt~r. Peak-to-pr#k .littrr fIII

thrrr tllh: was a mnximum of tl nS whrn nrw amI !.”1

nS at ●nd 01 llfr. Thr nrconrt point invml~”f,~ !Ifr

●xt~nsiorrh ]1 in well knnwn that thr rathodr rmlssioll
is ●airily from thr upprr port inn nf (hr rnthodr atru(-
turr wh?n the thyratron is uried in a shorl pulhr clr-

Cult . This too W,IrI tru? of thr first CX-157b (rxtrd
to life. Hrasurementti O! cathodr rminnlon mndr ,Ivrl

the lifr of th~ tuh~ Indi’ ated that f~llur~ WaP dIIrI to

10ss of ●mission, AI) autnpny ton f)rmtuf thr mr,lr. wrr -

mentn. To incrranr thr emi~nirrn and u~e mutr of Ihr
cathorf~ ●urfacr thr hrat~r voltaRr wan )n(r~n’.rd from

the nominal C.1 to fJ.R VAC. Thr srcmi ttlhr run WI III

th~ iuir?as~d hratrr pnwrr had ● fartot of 6 In(Ira~I”
in lifr, The autopmy of thr a~tousf trshe r~vealrd Ihm
th~ tube had failed rfue 10 tathmf- drp]rtlon. Illlllkr

thr firnt tuh~, tlm rathorfr uf thr srromf CN-t’i711 hall

bwn uniformly drplrtrd ovrt thr rntlr~ surfal”r. TIII.
a~cond CX-1574 Iifr t~ni wan ■lnpprd at I.:’I ● Ii)”

shntn whrn thr jittrr of thr thyratron rx(~.r-,lrd IIIV
5-nS prak-tn-prak ctmnlralnl stt nn th~ lent,

Next to hr trntrui waa th~ pen[rwfr vrrsioll of tlw

CX-1574, the CX-A57K.. An donr with thr thlrr plr-

villllB CX-157AS, JIIF C vernlm war4 thuroushly lr’.trl~

with rrspett to lliRRrllllR. rlwtll’hlllg, Ilttrt, rll A
halnr sflffrrrnr~ Vsh found III thr (ompai IIL(III III 1111$
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Figure 2:.

tetrode ●nd the pent ode tul,es. Uherea E both the cubes
gave optimum pcrfor-rmnce with two triggers, the time

delay beLween the lriggers was f-r less critical in
the pentode tube th~n in the tetrodes. Also, a higher

valur of di/dt could be reschrd (without arcing) in

thr pentude than in thr Letrode [5]. Jitter was thr
same in the CX-1574C ●s in the tetrotle version. (It

shnuld be noL~d that. the triggers used in all the

teslinR h~d a ~itter of t180 pS peak 10 p~ak,) A
comfortahlr pour-r limit for the CX-1574 and C version
?l short IIUISP high rep raLe conditions was found to
br about 15 k}. ●veragr in oil ●nd 10 hW average in
ai.. Grid rmi~sion was detrcted at fUIS currents of

12(1 ●mps iu oil and at grid flang~ temperatures of

250°C in air. Grid heating was folmd to h the

limiting falter of both thr CX-1576 and lh~ CX-15741’,
lh~sr levels corrrsponrl to a n h factor of S x 1017
and 3.5 ~ 1017,

Lifel,?sting WJS not prrlormrd on the CX-1574C,

Aftrr 12(1 h of (vnluation at rntrd voltaR? ● n,) current

thr tuhr was installed in a 250 pps 250 m.] XrCl Ianer,
tltting thr lar.er with tuhr inrreasml thr output powrr
lrum 6J to 75 h. This incrrirsr in power vns det r-

mint=rl tn hv dut! to thr lower -witching 10US of the

prntodr rfrsIRII. TO dat~ ●nothrr 2 x 10s shoth have
bren ●rrumu]atrd on thr CX-1574C in the lasier without

a m’ssrrl pulne. Thyratron life data in the lasrr cir-
cuit rannot hr ohtainerl ● n fanl as in thr Lrst cirrult
IIPi.lllSr 0! the freqwrrrt ❑aintenance (downtime) re-
qllirrd to krwp thr Iaarr operational Laser rlertrodr
Iifr is Iialit?d to shout 2 x 10s nh~tn or 222 h ●ftrr
which a ma~or ov~rhnul ii nrrrssar!, to r~furhiah thr

Inmrr.

Th~ nerrl thytatron invrntigatrrl was thr CX-1625
●rLal/rrramic pmlnr!rt Threr of thrne tubes wrrr
evaluatrd, onr to ●nd of Ii!r, rh~ cX-162TI dill?rs

from lhr other typrs tent~d ● n it ha- a dinpmrrr
rathodr rath~r than ● n oxide ralhode, III ●n oxidr

rathrrde thr rmiH~ivr matr~i~l In tprnyrd onto thr
calhodr nuriarr, ‘fhr disprnnrr ha:. Lhr cmitlrr
impr~gnatml intt, a pvrorrn tunRstfrl matrirr. !~isfwnsrl
rathodrn arr far inure r~sintant t#I th=rmal rvap,}ralion

and dastaRr rlur to ●rrinR, An WPII ● m thrnr lwrin~rt,

diBprnrrrI ralhodrk ran uniformly emit 100 II 200 ●mprr/
rnrv ~nmpared to thr 30 amprr/rm7 for onlde-(uatrd cath-
Odrrl . Ilrfrl tO Tahlr I fnr thr rlrr!rl(dl paramrlrip
rrl al inn to ihr tFSl nod lane< rirruil.1 ●nd FIR. L
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Figure 2b.

for the tubr current waveforms. OpLimum switching

performance was ●gain achieved with the dual trig-

gering method. The RF radiation of the CX-1625 was

0.2 mk’/cm2 compJred to 50 mU/cm2 for thr CX-157LC.

Rrducrd W radiatio:i is a result o! the meLa] enkelopr
design on thr CX-1625. Peak forward tind revor~r

current carrying capability (without. sparkin,q) was

much greaL~r In the CX-162!i and Jitter was a factor of
2 less than ●ny of the Lubes te.;ted. Jittrr of thr

CX-1625 ● t 100 h was mrasured at t’d10 pS and at 12tMI h

iRoo ps. In thp tcfit circuit Lhe first C.;-1625 h~),l
reached 2.5 x 109 sh~ ts when the lug on thr hriltrr

lead fsilro and heatrr power war. lost. The CS-II12!]

life test waa eperated continuou~ly”:’ for 12s() h wlIh-

out ● missed pulse or malfunction at the 20 kk avrrd~r
power Irvel in ● n oil ●nvironment. CoolinR wus ;I-

quirrd to m.7,nLain thp oil temperature at or hI,lII~

130”F. Amblenl 1,.mprralures ah~ve 1300t coI:lII 1111[
providr sufflrimrt heat transfrr from thr e’Iod.’ tII

maintain voltage holdoff. Anodr IOWFI lofi~c+ III th(.
revernr direcLion arc 6 to 10 11 es h]gh~r t4a:l III tht,
forward dirrrtion. At 50% ,urrcnt rrvcrk~l Jn(l

500 ppsr, whir’! this tuhr wa~ oprrtsted, anmfr h?’a!lnx

hromrn the domin.snL loss factor In thr thy,atron.

Errcessi~r ~nodr t~mprraturc, or lark Of hrlt rrml)v.11,
would cnwae Raa denrity gradirvrt~ Lo form in thr twor.
AS lonR ah Lhr Lhyratron wa~ difich~rglnR, thr r,,+-

●rvoir vo]la~e could hr inrrra:. rd Lo re,lut’r Iuh

10ss?s . lfhpn hiRh vnlInRr w#s rrmove,l, the mIIWII,

woulrf rrrol, Lhr ~arr drrmlty in thr Rrld/afrodr rr~l(ln

would Increase, and huldoff WI-WIII br Irrst. oplimlzlll~

thr rrsrrvoit powtr would allow oprration at both IIIKII
●nd low rrp ralrs. Thi* effrrt O( Ras drn~lty gl.Id-

ienlrr in calleJ Kah pumpin~. All of th~ h[)llou a,}{,,l,,

thyratrons ●nhihit thiK heh~viwr hut i’ is morr nOl ItII-

ahlr ● t !he hi~h~r rep ratrn and Iarsr rt’vrrr.f. rlII-
rrntt~. In o“’rrall perlorwrr’r, lhr CN-lb2S W.IS thr

tr~rrt of ●ll thr tuh~n t-nted. Thtn IS c-hmsrtrIIsIII
of thr ❑rtal/~rr.lmir ~~wiarl IMII morr n~~ t(l till’ dl~-
prnr.rr c~thudr,

Anuthrr CX-162!I hah hrm oprr~tit}g 111 a I:!’I K

●veraRr pnwrr XrCl errprrimrntal 14srl if)r thl” 1(1$1

srvcn mnnthn, Brcau@@ thl~ Ianrr Iri n drvrlopNI’111

drvirr, shol ●crumulal irm Im ralhrl Glow. i, tlwr\’!, l ,

thr luhr ha~ hrhavrd jIIrIt AR it dIIl ill Ihr Ir\I I II-
rult ●nd hap run flaulrIIKIY. ThII I’IIIIFIII wilvrlorm III

Flmure 2tl W4H tskrw dwrlnti lnhr~ ol,,.r,l!l(,n.



The last thyratron to be tested was the CX-1573C

pentode. This tube is a smaller version of the
CX-1574C and behaves exactly in ●very respect as its

larger counterpart ●xccpc in the power-handling cap-
ability. An average power input of 5 kW was all the
CX-1573C could handle reliably at short pulse duty
with 50% reverse current. Grid ●mission first became

noticeable aL 55 amps FUfS. Two CX-1573CS were tested

but no conclufiive life data has been obtained thus
far. The first CX-1573C operated for 35 h at 35 kV,

10 Id forward, 5 kA reverse, 200-ns pulsewidth and a
rep rate of 250 pps. Even though the .ube experienced
no problems, when high voltage was removed, the first

grid-cooled, warped and shorted internally. The
auLopsy revealed severe heat damage to the interrlal

structure of the tube. Testing of the second CX-1573C
indicated that this tubti is good only at fairly low
powers. The second CX-1573C was then insta! led in a

10 pps, 5 J per pulse laser. Peak current in this

Particular laser is approximately 20 kA. This laser
is also an experimental device and substantial no life
dala has been accumulated yet,

Conclusion-..—._—

Thyratrons having the ability Lo conduct in the
reverse direction without sustaining damap,c arc ideal
for excimer lasrrs or any type pulsed circu]t with a

10S Impedance unstable load. These tubes are also
suited LO experimenLiil circuits which are not opti-
m]zed and wherr changes in the circuit can impress
hi~h amuunts of reverse voltage on the switch. HOI1OW
anoclr thyratrons eliminate thr need for snubber diodes
and end-of-line clippe]s which ale needed to protect
ro~,vrntlona] thyratrons. Having the ability to con-
cfIIrt in thr re~,rrsr direction does affert tht. reco,~cry
tlmr slightly. The pentodr design of Lhe C series and
Lhr CX-1625 makes u], for longer recovery time by

fihirldinR the cathodr from the influencr of the anode
durin~ lrcharKt=. Thr CX-1625 functioned propt=r]y t
rep-ralrs to 1000 pps at full-rated voltagr at III(,
d]kchJrRr piirnmrlrrs dt=srrihed in Tablr 1. All thr
Llll]r$ trstrd h~d rs=rovcry tlnv.ri Comptirah]e 10 con-
Vrlll lIJIIJI thyratrohk COnslstellrV hetwccn Luhrs of
thI, samr ty]lc b-,Is Fxcrl lent, Nu aging or condil]orring

b’IIs rrqulrrd of any of !.hr 10 tubrs Lested. All Of

‘:’”111%1 KIIS h,lltr,l rtrry 100 h for I I m]n to mrafiurr
(’dlh.ldr ( 011(!11 1 [11).

the tubes could be started at full voltage and rep

rate in both the laser and Lest circuits right from
the box. This is an important fe”turc for industrial
applications where maintainability is considered and

●xcessive dowutime cannot be Lolerated. For this

reason the CX-1574C has been chosen as the switching
element for a multiple laser materials processing

facility ● t I.CS Alamos National Laboratory.

Determining the limitations and capabilities of
thyratrons in test circuits does not always relaL.e to
the way devices will perform in actua] use. Likexise,
the behavior of the thyratrons at rep rated, short-
pulse, high di/dt conditions may be different in other
type circuits. Often, a thyratron will behave very

differently in a simulative test circuit to thr way it
will in the actual equipment, which adds unnecessary

problems to the development process. In the course of
testing and using the thyraLrons described, this was

not the case. Tube performance was the same in boLh
the teat and laser circuits. Consistency in perform-

ance between test and end use ~ircuits allows for more
accuraLe component life scaling in new designs. DaLa

acquired in the last two years from hollow anodr tkyra-
trrm testing closed the loop in life scaling formulas
for short-pulse, high rep raLe circuits.
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